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LIFT BY RELEASING COMPRESSED AIR

SUCTION SIDE OF AIRFOIL.*

By F. Seewald.

Some time ago an investigation was conducted by the D.V.LC

(Deutsche Versuchsanstalt ffirLuftfahrt) on the same subject

t~eated by K. Wieland in the preceding article (’lUntersuchungen

an einem neuartigen Dusenflugel,” Zeitschrift ffirFlugtechnik

und Motorluftschiffahrt, August 16, 1927, pp. 346–350). Since

the results of that investigation afford a somewhat more exten–

sive view than those obtained by Mr. Wieland, it will be briefly

described here. First, a few fundamental considerations on the

nature of the flow with such an airfoil will be mentioned.

In investigating many kinds of flow, advantageous use can

be made of the conception of the ideal fluid, i.e., of a fluid”

which is not compressible and which offers no resistance to

change in form. In general, fluids offer very little resistance

to a slow change in form. The more quickly, however, the form

of a fluid is changed, that is, the greater the relative veloci–

ty between two neighboring molecules, the more noticeable is the
,,,,

resistance due to’the internal friction or vi”sc”osityin all nat–

ural fluids. This fact warrants the conclusion, that, in any

*“Die Erhohung des Auftriebs durch Ausblasen von Druck}uft an
der Saugseite eines Tragfl~gels.ll From ‘lZeitschriftfur Flug-
technik und Motorluftschiffahrt,lf August 16, 1927, pp. 350-353.
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process of flow, the effect of viscosity is slight in all r-
.,

gions “whei6“the”-relative velocity varies but slightly in two

neighboring lines of flow for, in such regions, the fluid mole-

cules belonging to tidjscent lines of flow p“ass one another only

at low Velocities. For this reason the flow in such a region
,.,

conforms sufficiently to the theory of the ideal fluid.

The case is different, however, in t“hos~regions of a flow

where the vclbcities differ greatly in .i&jacent streamlines.

This is the case near the surface of an object beiilg towed

through a fluid. Experience teaches us that the molecules of a

fluid, which come in immediate contact with the object, adhere

to iti Even at a little distance from the surface the fluid

molecules have a velocity of the order of magnitude of the veloc-

ity of the object itself. There is, therefore, a decided differ–

ence in the velocity near the surface and in this region the vis-

cosit y plays an important part. In 1904, Prandtl called atten-

tion to the importance of the phenomena in this regian, which is

now called the “boundary layer.”*

The circulation around an airfoil can be explained only with

the aid of the conception of the internal friction or viscosity

bf a fluid. When an airfoil is towed through a fluid, there is

no circulation at first. If the fluid had no viscosity, no cir-

*Prandtl, L. , “Ueber Flussigkei t”sbewe&ng ~ei se”hrkleiner-Rei–
bung, ” originally published in 1904 and republished in 1927 by the
press of the Gottingen “Kaiser Wilhelm Institute for Flow Re-
search. “ This question has also beenlldiscussed by A. Betz,
“Wirbelschichten und ihre Bedeutung fur die S’tromungsubergange “
in “Die Naturwissenscwften, “ 1926, p. 1228.
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culation could develop. An infinitely great velocity, however,

would then develop in the flow around the tr,a.ilingedge. P rac-

tically, this ineans that the velocity would have to be very

great in the immediate vicinity of the trailing edge, to which

the fluid particles, which come into immediate contact with the

surface, adhere. At -thispoint there is, therefore, an especi-

ally great difference in the velocity of the neighboring stream-

lines. This makes the internal friction of the fluid especially

noticeable and develops a resistance to the flow around the

trailin~ edge. The effect of this is to develop an eddy or vor–

tex on the trailing edge. The mass of fluid embraced by the

vortex inc~eases in size, until the whole vortex ma,ss is swept

away by the rest of the fluid. In this way the whole flow is

so controlled as to produce the smoothest possible flow at the

trailing edge. In order to render this poss~ole, the veloci-

ty must be increased on the suction or negative–pressure side

of the airfoil and reduced on the pressure side. This phenome-

non is designated as the circulation.

Friction is developed at all points of the surface, al–

though its effect is greatest at the trailing edge. On the

pressure side of the airfoil, vortices arc produced which rotate

in the same direction as the vortices at the trailing edge.
,,

They accordingly help to develop and inaintain the circulation.
,,

On the suction side, however, vortices are developed which ro-

tate in the opposite direction and consequently weaken the cir-
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culation. The vortices on the suction side are

o-nes, however, since-the velocities are greater

4

the stronger

there and the

friction is consequently greater. Hence the circulation, devel-

oped by the vortices passing off the trailing edge, is again

weakened. With a weaker circ’~lation5 however, a flow is devel-

oped around the trailing edfleand the circulation is again

strengthened. Hence, it is cbvious thtitthere must be a con-

stant fl-owaround the trailing edge and indeed, of such magni–

tude that the circulation, thereby produced, will be equivalent

to the circulation destroyed on the rest of the surface. Hence

it is that the circulation and consequently the lift of an air-

foil is always somewhat smaller than that computed with the aid

of the theory of the ideal fluid under the assumption that the

single separation point inoves to the trailing edge and that

there is therefore no flow around the trailing edge.

From the above explanation, it follows t“hatonly a slight

incre’asc in the circulation around an airfoil is possible at

normal amgles of attack. If We imagine, with an airfoil in the

region of normal angles of attack, the artificial production of

a stronger circulation than would be automatically developed,

we would soon reach the point where a flow around the trailing

edge would take the opposite direction and thus, at great flow,.

velocities, stro-ngvortices would be generated at the trailing

edge, whic,h would destroy the artificially produced circulation.

Mr. WielandIs results therefore correspond perfectly to the

,- .....- — ———
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exp ectations, since they require no great increase in the lift

at- normal angles ,.ofattack. ._,_

The conditions are quite different, however, at large an-

gles of attack, which incrwse the velocity on the suction side.

Then, due to the viscosi~;~ v’)rticesare produced and carried

along by the body. Hence to a certain extent, thetl~~ychange,

whole profile shape and co~:.ss~uentlythe character of the flow.

Thus it happens that, with ia:reasing angle of ~.ttack, a point

is reached where any furt’ner i-ncreaseof the circulation, and

consequently of the iift, by increasing the angle of attack, is

‘no longer possible, because the trailing edge of the airfoil

has assumed an entirely different form and has become ineffective

as regards the development of the circulation.

If, at such large angles of attack, care is taken that no

friction can develop on the suction side of the airfoil, then,

in accordance with the above considerations, a considerably

greater circulation will be produced. The effect of the fluid

friction on the suction side of the airfoil can be avoided in

various ways as, for example, by removing the vortex layers by

suction. This method ‘hasalready been thoroughly investigated

at G&ttingen (N.A.C,A. Technical Memorandums Nos. 374 and 395).

Another possibility, however, is to set the surface of the

body in motion in the direction of the flow. Experiments in

this direction have already been made and indeed, through the

combination of rotary cylinders with airfoils, probably suggested

—.. -...—--
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by the Gbttingcn experimeiltswith rotary cylinders (N.A.C.A. Tech-

nical Memorandums lTos.,307, 354,.382, and 424), There is a funda–

mental difference, ‘however,between the rotary cylinder alone and

its combinations with airfoils. While in the former case the

circulation is produced only by the friction on the surface of

the cylindey and the direction of the air flow is indifferent,

due to the rotational symmetry, in thf>latter case the circula-

tion is affected by the airfoils. In this case, if it is desired

to assist the circulation or to prodl..:+a certain kL7.C of circu–

lation by a correspondingly high rotati~nal speed, care must be

taken that, by ernployin8the correspo-.l_in~angle of attack, the

desired circulation can actually be deveioped and.not be de-

stroyed by the airfoil. This precaution was neglected in a ser–

ies of experiments performed in another country a-rid,in conse– .

quence, apparently only negative results were obtained.

It might be of interest that, ten years ago, F~ttinger pro-

posed to obtain the same effect by means of an airfoil consist-

ing of a thick cylinder for the leading edge and a thin cylinder
9

for the trailing edge, the cylinders being rotated by an endless

belt passing over them both.*

It is logical, however, to replace this belt

layer, blown at such a velocity that, after being

with a fluid

retarded by

the surface of the.airfoil, it will still have sufficient veloc-

.~t~be dr~n alo~ by t:e.airfoil but to continue to— .—.
*Fottinger, “Neue Grundlagen fur =e exuerimentelle und theoret-
ische Behandlun& des Propellerproblems~ if A lecture before the
‘lSchiffh~.1].te~?ll?~isclleGesellschaft” at their 19th regular meeting
in 1.91-T.
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flow with the surrounding fluid. The process can be represented

as follows. The ejected air mingles with the retarded air mol-

ef5iles”nea”kth”e”suiface

mentum. If the mixture

penetrate the region of

and imparts to than some of its own mo-

is thus given sufficient velocity to

higher pressure behind the airfoil,

there is no further cause for

process is therefore just the

La chmann and Handley Page.

A thorough investigation

the separation of the flWV. The

same as on the slotted fiingsof

was und~r’:aken at the DCV.LO in the

spfing of 1925. On account of the burning of the wind tunnel, it

could not be fiilisheduntil the sprin~ of 1927 brou:ht the oppor–

tunity to do so in the wind tunnel of the Zeppelin ~ompany at

Fried erickshafen. The investigation was limited chiefly to the

region of high angles of attack since, as explained above, it

is only in this region that any considerable change in the char-

acter of the flow can be expected from such artificial aids,

The investigation was intrusted to lJiss Kober.

The airfoil was a used model of 1 m’ (39.37 in.) span and

20 cm (7.87 in.) chord, hence with an aspect ratio of 5. Its

profile corresponded to the G&ttingen profile 422. The introduc–

tion of an air slot, extending the whole length of the model

somewhat behind the thickest part of the airfoil, only slightly

a.l,teredits profile. The slot, through which compressed air was

blown, was formed by two pieces of sheet steel connected by

screws at intervals of about 5 cm (2 in.). It was intended to
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regulate the width of the slot by means of these screws. It was

found, however, that, due to the elastic deformation of the thin

sheets, it was not possible to obtain a uniform width of the

slot. The compressed air was taken from compressed-air cylinders.

Its pressure was first reduced by a reduction valve to the Pres-

sure required for the experiment. The air was then led into the

airfoil. The experimental arrangement is shown in F~:, 1. Much .

more compressed air was required than was originally s-:.pposed.

Hence all the delivery pipes wefe rnuc~ttoo small. The pressure

was ineasuredat the exit from the cylilier. Considerable losses

occurred in the delivery pipes, owing to their weak construction,

so that no reserve energy could be obtained. Tkis experiment,

therefore, is to be regarded only as a prelimir.ary one, which

showed that the expected phenomenon actually occurred. The req-

uisite pressures, with suitably dimensioned delivery pipes,

would probably be i~ch smaller than with the pipes actually used.

Figs. 2-3 show that, qualitatively, the expected result was

really obtained. In Fig. 2, where an ordinary airfoil had a

large angle of attack, the threads on the suction side show

thick vertical layers, while the threads in Fig. 3, where com-

pressed air was used, indicate a smooth flow.

Fig. 4 shows the values of the airfoil model with de-Ca, ,, ,,,,...-,.,...
livery tube and also (dash line) the Ca values of the G~ttingen

profile 422, both obtained without using compressed air.

Fig. 5 shows the ca values plotted against the angle of

—. —
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attack, first for the airfoil

air, and also the liftvalu-es

1-1o.441 9

without the release of compressed

at large-angles of attack, when

compressed air was released at 2, 3, arii4 atmospheres, respect–

ivelye The reaction of the compressed air on the airfoil was

likewise determined at a pressure of 4 atm. For better compar–

ison, this force and also the lift were divided by the circula-

tion Fq (F = wing area; q“= dynamic pressure in w:”I,Itunnel)

and plotted as a coefficient. In this connection, it is to be

noted that the reaction force is ind~pw.+.ent of tlievelocity in

the tunnel and that therefore this coc:!’lcient i:=correct only

for the velocity of 30 m (98.42 ft.) p-~: seccnti.,::hichwas taken

as the basis for the evaluation. At hig~le~vei::~+ies, the r~.tio

of the reaction force to the total lift is smaliu?, and at lower

velocities it is correspondingly greater.

The plotted curves show that the expected effect actually

occurred and that the maximum lift was increased.in proportion

to the ener~~ of the compressed air. The maximum Ca was 3.35

at an angle of approximately 30° while the Ca max of the same

airfoil without the compressed air was only 1.55 and”was reached

at an angle of attack of about 20°. The above-described device

was patented by Professor Baumann of Stuttgart. This fayt first

became known to the writer through the publication of the patent

in the “Zeitschrift f~r Flugtechnik und Motorluftschiffahrt” of

December 28, 1926, when the investigation had already been begun.

Regarding any practical applicability, no final conclusion

d— . . ..— —
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can yet be reached o-nthe basis of this investigation. It WOUld. “

be necessary to determine the added energy accurately and to

test various arrangements of the slot. It does not appear im-

possible, however, that some practical application may be suc–

cessfull.y made.

T~anslation by Dwight M. Miner,
National Advisory Committee
for Aeronautics.
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airfoil. Tfieth~eads on the lower aide Sho+tiv
thick vortex lavers.

outflowing compressed air. The threads show
a smooth flow, 3Q8SAS
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Fig.4 Comparison with Gottingen result.
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Fig.5 Results with compressed air.
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